The main purpose of this study is to design the optical tomography system for four projections complementary metal-oxide-semiconductor (CMOS) linear image sensor. This system includes the development of suitable driver for the operation of CMOS S10077 linear image sensor, measurement section and data acquisition system. The CMOS linear image sensor S10077 is configured around a flow pipe with an octagonal-shaped measurement section. This image sensor scans image of object inside the pipe from four different projections angle. When light hit the object, shadow will cast on the sensor surface. The output signal is obtained based on the light intensity projected to the sensor. Microcontroller PIC 18F4620 is used as a driver to enable the operation of CMOS linear image sensor and microcontroller PIC 18F458 is used as a data acquisition circuit for optical tomography system. Microcontroller retrieves serial data from the CMOS linear image sensor and sends it to a PC for further work in image reconstruction.
1.0 INTRODUCTION
"Tomography" term originally derived from the Greek word in which 'tomos' to mean cut or divide while 'graphae' signifies that image, the sense of diagram or graphic presentation. 1 Process tomography is a technique for measurement that involves the tomography imaging methods to obtain data from sensors. Process tomography provides several methods of obtaining the concentration profile of a process. One of the tomography fields that have become one of the vast growing technologies nowadays is optical tomography. Optical tomography involves studying a beam of light source (e.g. LED, infra-red, or halogen bulb) through a medium from one boundary point and detecting the level light received at another boundary using a sensor. 2 The uses of tomography system are accounted in many types of processes and unit operation, including pipelines, stirred reactors, fluidized beds, and separators depending to the mechanism of sensor use. 3 The goal of this study is to design an optical tomography system using CMOS linear image sensor. CMOS linear image sensor is the main component of this optical tomography system, used to sense the shadow of the particles inside the pipeline to produce image of the particle. 4 Several research have been carried out in order to investigate the performance of process tomography of obtaining data from a pipeline. The number of sensor that are used and the projection technique applied in the study affect the accuracy of the data reading and image obtained. Parallel beam projection technique and less number of sensor used produced limited number of data obtained and may have a problem with beam convergence and aliasing effect. A research conducted by Mariani had proved that such problems can be minimized when four image sensors are configured around a flow pipe with an octagonal-shaped. 5 This technique produces significant data to use for image reconstruction or particle characterizing.
This study presents a four projection, optical tomography system using CMOS as detector. Four CMOS linear image sensors are configured around a flow pipe with an octagonalshaped measurement section. The data acquisition system will be driven by a PIC microcontroller to retrieve all significant data while switching system using same PIC will control the operation of the four projections one by one mutually exclusive in order to avoid saturation the CMOS sensor from over exposure.
2.0 PROBLEM STATEMENT
Nowadays, many processes require the use of equipment like pipes and vessels as particle conveyor because of the structure of this type of equipment; it is difficult to detect what type of flow is inside them. Systems have to be developed whereby the controller is able to view objects within these pipes during its operation without interrupting the flow.
Application of tomography system by placing electronic sensors around a pipeline would enable measurements of activities inside the pipe which can be used for image reconstruction of whatever contained inside the pipe. The optical tomography system can only be performed in the presence of image sensor as a main component. Previous optical tomography using LED and optical fibers, cannot produce high resolution measurement due to the size of the sensors. 6 In the same research field on optical tomography conducted by Mariani, CCD image sensor although promised high resolution image, it require external circuitry for data digitization with two power supplies. 5 CMOS linear image sensor can offer more excellent imaging performance than that of CCD when it provides more on-chip circuit integration such as built-in analog to digital converters (ADCs) and much lower power consumption. 7 However, the optimum performance of CMOS only can be achieved when the appropriate driver is supplied. Based on the previous work done by Foo, the accurate results cannot be obtained by using only one projections of image sensor. 8 The extended into four projections, user can compare the data obtained from each projection. Besides, Data Acquisition System (DAS) is one of the basic Tomography systems hence if DAS system fails to operate, the displaying, scanning and storing the data for future work in image reconstruction or particle characterizing cannot be precede. Other than that, light source without precise control will affect the accuracy of the results because of CMOS sensor is very sensitive to the light.
3.0 OPTICAL TOMOGRAPHY
Process tomography consists of tomographic imaging of systems. In tomography, some physical quantity in the 3D distribution in the object is determined. 9 A process pipe in industry is the common example of process tomography. There is a widespread need to get tomographic information about process. This information can be used, for example, in the design and control of processes. Tomography involves taking measurements around the periphery of an object (e.g. process vessel or patient) to determine what is going on inside. 10 There are a few methods to conduct the tomography process. One of these methods includes the optical tomography. Compare to another method such as electrical capacitance tomography (ECT) and ultrasonic tomography, optical tomography is an attractive method since it is non-intrusive in nature and safe as the transducer does not require direct physical contact with the flow. 11, 12 Hua Yan (2010) 13 reported that data obtained from the ECT system reflect medium distribution in a relatively large space due to its sensing field of ECT sensor non-uniformly distributed in a three-dimensional space. 13 Hence, the image reconstruction quality obtained from ECT system was doubt. Monitoring system providing by ultrasonic tomography was able to reconstruct the distribution of a gas/liquid two-phase flow over the cross-section of a pipe while being non-invasive and possibly non-intrusive to the corresponding activities inside the column.
14 However, ultrasonic sensor in most application cannot detect rough surfaced or foam covered fluids very well. It is highly vulnerable to damage when utilized for detecting the levels of acidic, alkaline, and organic compounds within a container.
The principle of an optical tomography system is to investigate the light attenuation level for each detector. It is conceptually straightforward and relatively low cost, has a better dynamic response and can be more portable for routine use in process plant.
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Optical tomography system is defines as a technique that enables one to determine the content of a close system without physically looking inside it. This application could improve manufacturing in industrial process that handling flow activities inside pipelines, stirred reactors, fluidized beds and also mixer because the flow inside can be determined without stopping the process.
4.0 IMAGE SENSOR
The main component in optical tomography system is its image sensor. Image sensor in easy way can be described as a device that converts the optical image to electrical signal. It will detect light intensity and convert into corresponding voltage value when it is exposed to different level of light intensity. 8 The application of image sensor widely used in digital cameras, astronomical telescopes, scanners, video camcorders and other imaging devices.
There are two modern IC based optical image sensors that are widely used in optical tomography system, the charge-coupled devices (CCD) and complementary metal-oxide-semiconductor (CMOS) active-pixel sensor. Both CCD and CMOS imager are constructed from silicon. These give them fundamentally similar properties of sensitivity over the visible. Thus, both technologies provide the same ways in capturing light and convert incident light in term of photons into electronic charge by the same photo conversion process. Although CMOS chips sense light in the same way that a CCD does, CMOS sensors can be manufactured using the same process as that used to make many other processors and chips as the sensors use transistors and tiny wiring, as other processors do. This makes CMOS sensors often far cheaper than CCD.
5.0 METHODOLOGY

Overall Concept of the Study
This study contributed both parts hardware and software. Figure 1 shows the overall concept of this study which is a basic CMOS optical tomography system. Microcontroller and computer were interfaced using USB virtual COM port. The complete optical tomography system consists of a lighting system, measurement section, sensor system, data acquisition system, PIC microcontroller system, and image formation. Figure 2 shows an overview of the system.
The laser module used in this system produced red light at a wavelength of 600nm. Due to the safety factor and that CMOS sensor (S10077) is very sensitive to light, the laser module that operated at low power was chosen. The CMOS can be easily saturated if the light illuminating it was too bright. To control the operation of S10077 CMOS sensor operation, two microcontrollers, PIC18F458 and PIC 18F4620 were used in this study. The microcontroller PIC 18F4620 provided clocking and start signal to CMOS sensor and another microcontroller PIC 16F458 receive output from it at the same time for data acquisition. Data from CMOS image sensors was retrieved through the PIC microcontroller and recorded into computer data storage. Data was sent out serially from PIC.
CMOS S10077 Linear Image Sensor
CMOS linear image sensor, S10077 is a product from Hamamatsu Corporation. It is design for image input applications. 16 The sensor is provided with on-chip switchable 8-bit/10-bit AD converter. This type of sensor can be applied in analytical instrument; position detection and image reading application. At the center of the CMOS IC surface is the active area which is the physical part of the sensor chip optical window where 1024 pixels location are located. Figure 3 shows the dimensional outline for S10077 CMOS linear image sensor which is called as active area that performs the actual computing and storage operations. S10077 CMOS linear image sensor cannot perform without proper driver or configuration signals. The input signal which is clocking signal (clk) and start (st) signal should be provided to enable the operation of the sensor. The data sheet provide by the manufacturer state the clock pulse maximum frequency for 8-bit is 12M Hz and the minimum frequency is 1M Hz. CMOS linear image sensor S10077 provide both type of output, digital and analog. Another electrical and optical characteristic of this sensor is that its spectral response range is between 400 to 1000 nm and the peak sensitivity wavelength is about 700 nm.
Figure 3
The dimensional outline for S10077 CMOS linear image sensor
Experimental Setup
The system is separated into three circuit boards -the S10077 CMOS sensor board, the PIC 18F4620 driver board, and the PIC 18F458 data acquisition board. The S10077 CMOS sensor board was connected to both PIC microcontrollers board. Figure 4 shows the experimental setup between S10077 CMOS sensor board and the two microcontroller boards.
Some precautions should be considered when dealing with S10077 CMOS linear image. Although this device has a built-in protection circuit against static electrical charges it is worthwhile to take counter measures such as grounding to prevent static discharges. For soldering task, it should be performed within 5 seconds at a soldering temperature below 260 ºC to prevent excessive soldering temperatures and times. S10077 CMOS provide both digital and analog output. This study concerns on 8-bits digital outputs. The sensor board built on the fabricated board was developed as shown in Figure 6 . LED in this circuit board is used as power indicator. It will turn on when there is a power supply to the board. As mentioned earlier, two microcontrollers were used. The first one is microcontroller PIC 18F4620 used to provide the input signals to the sensor. This microcontroller needs to generate clock (clk) and start pulse signal (st) to the S10077 CMOS linear image sensor. Since this sensor performed operation at high frequency, the same microcontroller used to provide the input signals cannot be used to capture the data at the same time. Another microcontroller PIC 18F458 was introduced to read the strings of 8-bit serial data (1024 x 8-bit per line read) from the sensor and send it to the computer.
The prototype of the monitoring device was prepared for inspection of particle or object inside a pipe in industrial application. Figure 7 shows how the position of sensor placed in laser casing. Sensor is placed directly opposite to the laser source. The measurement section in orthogonal shape was design in order to have four projections data. Various shape of object will be inserted in the pipe vessel and placed it in the middle of orthogonal measurement section. The pipe should be made of translucent material to avoid the light source being attenuated when there is no object inside. Figure 8 shows the experiment setup for optical tomography system for four projections CMOS linear image sensor. 
6.0 RESULTS AND DISCUSSION
A number of experiments with various conditions of obstacles were tested to verify the performance of the system. The data from the experiments was analyzed and discussed. CMOS linear image sensor can operate by providing sensor with the clocking signal and start signal. Microcontroller PIC 18F4620 is used to generate both signals to the sensor. The signal generated was initially observed using digital storage oscilloscope. These signals were compared to the (Clk and St) from the data sheet of S10077 CMOS linear image sensor. Figure 9 (a) and Figure 9 (b) showed the clock signal at 1.25 MHz with nearly 50% duty cycle and the start pulse signal respectively that were successfully generated by the microcontroller PIC 18F4620. The verification part for this system was done by testing the performance of the CMOS linear image sensor with four different conditions with projection one as the reference point of view. All experiments were conducted in controlled ambient light to allow high performance of the sensor and to avoid it from being saturated. The conditions included fully exposed, fully blocked, right part partially blocked, and left part partially blocked.
The result obtained from each cases testing for four projections of CMOS sensor were expressed in four separate graphs of pixel's intensity, 0 to 255 from 8-bit pixel data, versus pixels number (1 to 1024) for each projection. Results for fully exposed and fully blocked are shown in Figure 10 and Figure 11 respectively. When there was no obstacle blocking the light path, all 1024 digital output (DO) data approaching to decimal 255 which is the maximum pixel value. There was no significant difference for data obtained from each projection since all projections experienced the same conditions. Apposite behavior obtained when CMOS sensor was fully blocked. Data from all four different projections were at low levels approaching to zero. This indicates the light that was directed to the sensor has been blocked by the object. Both of the result was correct as predicted. There are small fluctuations in the reading; this may be caused by some stray lights that were not well controlled during the experiments. Another two different conditions were carried out to further verify the functionality of the CMOS sensor where objects now partially block at different side of the pipe. Figure 12 is the result when the right side of the pipe was partially blocked referenced from projection 1. Pixels from number 553 to 1024 of projection 1 recorded low levels of intensity. This is consistent with the previous result where lower pixel values reflect the existence of object to the left of the pipe. Figure 13 on the other hand is the result when objects were switched to the left side of the pipe that caused blocking of the left side of the optical path. Now the low intensity level (or existence of objects) in projection 1 is detected at opposite side which around pixel 1 to 443. This result confirmed that CMOS linear image sensor indeed working as expected.
The results for projection 2 for both conditions look similar to conditions when all pixels are fully blocked. This is actually true because projection 2 is viewing the pipe orthogonal to projection 1. This means when viewing from this angle, the objects would appear to incident with optical path coming from this direction and this resulted with high optical attenuation which in turn gives low pixel values. On the other hand, for projection 3 and 4, these are sensors positioned diagonal to the pipe crosssection area. Most likely some small number of pixels near the edge of the pipe experienced similar to fully blocked conditions whereas the rest of the pixels experiencing moderately low blocking conditions such that the pixel values scattered around mid-point values between 0 and 255. This explained the result obtained in graph projection 3 and 4 in Figure 12 and 13. To summarize, test and measurement were conducted for four projections under four different optical conditions. Low pixels value indicates lower optical intensity detected and high pixel values indicate high optical intensity or less hindrance along the optical path length. Graph plotted from first projection for partial block conditions indicates that sensor was able to differentiate whether left or right side was being blocked. Data from second projection for each case was minimum output because the sensor was blocked when taking measurement from this side. The results from projection three and four actually should be similar. The little bit difference may come from the reflection of the light inside the box and the casing.
7.0 CONCLUSION
The clocking signal and start pulse signal for the sensor were successfully generated by the microcontroller according to the minimum specifications which is the clocking signal not less than 1M Hz and start signal low at the beginning and become high after stabilized. The interface system between the microcontroller and computer has been established using the USB COM port communication. All the data from four projections S10077 CMOS linear image sensor successful retrieved by the microcontroller and send to the computer. Digital output of the sensor is stored in Excel file for further research in image reconstruction. In conclusion, this system can be applied to detect shape of obstacle which blocks light from reaching sensor. 
